This paper aims to develop a simple and robust representation scheme for indexing line patterns. The application vehicle used in this study involves indexing into an aerial image database using a cartographic model. The images contained in the database are of urban and semi-urban areas. The cartographic model represents a road network known to appear in a subset of the images contained within the database. There are known to be severe imaging distortions present and the data cannot be recovered by applying a simple Euclidean transform to the model. The cartographic indexing into the database is achieved using features computed from neighboring line segments extracted from the raw aerial images. These indexation features are based on directed relative a ngle and directed relative position of segment pairs. We illustrate both the e ectiveness of our representation and the advantage that it o ers in overcoming local shape ambiguities.
INTRODUCTION
Pivotal to the e ectiveness of multi-media or hypertext systems is the ability to accurately retrieve images from a large database on the basis of contents 1, 2, 3, 4, 5] . The crucial ingredient of the underlying image database management system is an accurate way of indexing according not only to the frequency of salient image features but also to meaningful relational structure between the features. Ideally, s u c h c o n tent-based indices should be capable of unambiguously delivering answers to queries with a minimum computational overhead.
One of the most popular techniques is to construct a histogram of image attributes 6, 7 , 8 ] . Retrieval is e ected by comparing the histograms for the query image and those residing in the database. Images for which the integrated di erence between normalised histograms bin-contents is small are deemed to have satis ed the query. This basic histogrambased retrieval mechanism was rst used by Swain and Ballard 6] in the indexing of a database of colour images. Evans et al. 7] developed a technique for representing image shape using pairwise geometric histogram of segments. Although, this approach offered good performance, it was not able to cope with a c hange of scale. Moreover the process of comparison was made prohibitively computationally expensive due to the size and the number of histograms to be processed. An alternative approach for representing image shapes based on line segments was proposed by Stein and Medioni 9] . In their structural indexing framework polygonal approximations of objects are transformed into groups of connected segments called supersegments. Using these structures as starting point various attributes are computed, encoded and then entered in a hash table for indexing and retrieval. Although this representation provides scale invariance it has the drawback of o ering limited robustness due to line segmentation and requires considerable processing power.
With both methodologies in mind we have devised a novel attribute or feature type for segmented shape representation. The major advantage of our technique over both previously stated methods 7, 9 ] is the e ciency of data storage and its utility for image retrieval. Our approach uses a very compact representation, which shares the bene ts of the pairwise geometric histogram, the super-segment and relational graph without having most of their shortcomings. The representation is based on groupings of n nearest neighbour segments from which pairwise measures are computed. Section 2 describes how t h e feature attributes are constructed as well as the distance measure used for comparing features. In sect i o n 4 w e s h o w the performance of our new approach for indexing into a database of aerial infra-red images.
METHODOLOGY
The data used for this study are infra-red aerial images of both rural and urban areas. The images are formed by a line-scan process in the horizontal direction and by aircraft motion in the vertical direction, leading to signi cant barrel distortion. The main features are man-made road structures which radiate strongly at night time in the infra-red band.These features present themselves as intensity ridges in the infra-red images and are extracted using a relaxational line-nder 10]. Straight-line segments extracted from the infra-red images are then used to compute the local shape representation as describe below.
We u s e t wo di erent geometric attributes to construct our pairwise representation. These are the directed relative angles and directed relative position. The line-segment length-ratio is also computed, but only for reconstruction purposes.
The raw information available for each of the linesegments are the orientation (angle with the horizontal axis) and length. To illustrate how the pairwise feature attributes are computed (see gure 2), suppose that we denote the lines indexed (ab) a n d ( cd) by t h e v ectors x ab and x cd directed away from their point o f i n tersection. The relative angle attribute is given by x ab x cd = arccos x ab x cd jx ab jjx cd j
From the relative angle we compute the directed relative angle.This is an extension to the attribute used by E v ans et al . 7] , that consists of giving the relative angle a positive sign if the direction of the angle from the baseline x ab to its pair x cd is clockwise and a negative sign if it is counter-clockwise. This allows us to extend the range of angles describing pairs of segments from 0 ! = 2] to ; ! ]. In order to describe the relative position between a pair of segments and resolve the local shape ambiguities produced by t h e relative angle attribute a second attribute is generated. The directed relative position # x ab x cd is represented by the relative angle between the oriented baseline vector x ab and the vector joining segment ( ab) to segment ( cd) midpoints.
For reconstruction purposes a third attribute may be computed. Indeed, extending our current representation with an extra attribute encoding the length ratio of the segment pair would enable the reconstruction the segmented image from the pairwise representation. However, the length ratio should not be used for indexing since as shown in Huet and Hancock 11] this attribute is not robust to noise and segmental clutter.
Our nal representation compounds the above described attributes. Each segment i n the image is selected in turn as a baseline and its n nearest segments are used to compute the local feature representation. Using segment neighbour as opposed to the connected segment approach of Stein and Medioni 9] o ers greater robustness to segmental clutter.
Having represented images contained in the database using our representation we need to de ne a method for comparing image features or providing information about the relative perceptual similarity o f two images. Given a pairwise relation The a nity b e t ween two features F ab and F is given by 
This is an example of fuzzy composite operation that is very similar to those described in the review of Bloch 1 2 ] . This particular kind of fuzzy operator is referred to as context independent constant behavior operator.
EXPERIMENTS
The application vehicle for the experiments included here is the problem of indexing into a database of remotely sensed images using a digital map. We i n tend to accurately and rapidly perform content based retrieval using the feature representation and distance measure as exposed in the previous section. We are interested in determining how e ectively our representation will enable us to index against the digital map. Since our database contains both low-altitude and high-altitude images of the mapped area, we will be interested in the relative ranking given to these two images. Finally, we investigate the improvements of using a two pairwise attributes (angle and position) over our previous work 13] which w as essentially based on a single attribute (relative angle histograms).
We computed the representation of each infra-red image in the database (see gure 6) and for the digital map (see gure 1). Then, we performed the comparison between each database entry and the query image as described in section 2. Figure 6 shows the database ordered according to each image similarity with the query image. Using our method, both the correct match h a ve been identi ed as best match (img60) and second best match (img170). Image img60 matches almost directly the query image, however img170 di ers principally from the digital map in terms of orientation and scale. These infra-red aerial images along with their line-segmented version used to compute the local feature based representation are depicted in gure 3. We repeated this experiment using each image in the database as query image. For each of those test the corresponding best match was a true positive and when an alternative view of the same area was available, it was given as second best match.
From these practical examples we h a ve shown the ability of our representation to cope with changes in translation, rotation, scale and segmental clutter. technique relying exclusively on this attribute would face some ambiguity problem. In order to demonstrate how our the position attribute of our representation solves this problem we perform a query with the digital map against itself and display features in the query image match the correct feature (the same one) in the database image. Figure 4 shows what happens if the comparison is solely based on the relative angle attribute. One can clearly notice that a large number of feature in the query image have mismatched the database image features (nonhorizontal line connection between query image feature and date image feature). Fortunately, combining the directed relative angle and directed relative position attributes solve the ambiguity problem as depicted in gure 5.
CONCLUSIONS
The main contribution of this paper has been to present a n o vel feature representation for segmented image shapes based on pairwise geometric attributes (directed relative angle and directed relative position). This representation was used along with a fuzzy distance measure to index into a database of aerial infra-red images. We h a ve shown that the representation is able to robustly deal with translation, rotation, scale changes in the image together with the presence of segmental clutter.
We showed that technique based solely on relative angle between segment pairs is not able to unambiguously perform feature matching. Then, we demonstrated the discrimination capabilities of our novel feature and their robust description of arrangements of segments.
Our representation can be extended with an extra attribute (length ratio) in order to allow reconstruction of the original segmented image directly from its feature representation.
